Background: Research has demonstrated that adolescents who actively commute have higher levels of physical activity (PA), which have declined precipitously over the past 30 years. The purpose of this study was to describe the prevalence of active commuting to school; and to identify barriers associated with active commuting. Methods: A cross-sectional study was conducted with 1672 students (46.8% boys and 53.2% girls) from 11 to 17 years of age in Caxias do Sul/RS, Brazil. The students were asked to answer questionnaires about active transport, PA, and sedentary behaviors. They also completed a cardiovascular fitness test and body composition measurements. The study used a multivariate Poisson regression analysis. Results: A total of 62.5% of students were observed to actively commute and the prevalence ratio (PR) of not actively commuting was associated with the type of school (Private: 2.41; 1.47, 3.95) and the time spent on commuting (>20 min: 1.93; 1.23, 3.03). The associated barriers to passive commuting were distance (3.02; 1.95, 4.71), crime/ danger (2.65; 1.82, 3.85), and traffic (1.75; 1.19, 2.58). Conclusions: This study showed that environmental variables were strongly associated with active commuting. However, no alterations in body composition or other behavioral variables were observed after adjustment.
Researchers have demonstrated that children and adolescents who actively commute to school have higher levels of physical activity and better cardiovascular fitness than those who do not. [1] [2] [3] [4] However, the prevalence of active commuting to school has declined precipitously during the past 30 years, 5 while the number of private vehicles has increased. In the United States, the rate of motor vehicle ownership was 6 times higher in 1995 than 1969, 6 and in Brazil the number of vehicles increased by almost one-third in the period from 2001 to 2008 in the state of Rio Grande do Sul. 7 The prevalence of active commuting is high in Russia (92%) 2 and China (88%), 8 and is considerably lower in the USA (5% to 31%). [9] [10] [11] [12] In Australia, the values varied from 24% to 60.4%, [13] [14] [15] and in Switzerland and in Brazilian cities, 70.0% to 78.0% of students used active transport. [16] [17] [18] One of the goals of the Department of Health and Human Services, 10 highlighted in the report Health People 2010, is to increase active commuting among students who live less than 1 mile from their school by 31% to 50%. Barriers to walking in the physical environment include long distances, [12] [13] [14] 19, 20 crime and traffic, 9, 11, 16 and other personal barriers. 20, 21 Limited data exist on children's mode of transport to school, the environmental factors that facilitate or hinder active commuting and the relationship to physical activity, sedentary behaviors, cardiovascular fitness, and adiposity in adolescents. Therefore, this study aimed to (1) describe the prevalence of active commuting to school and (2) identify barriers associated with the means of commuting to school.
Methods

Participants and Data Collection
This study is part of the research group "Cardiovascular Disease Risk Factors in Adolescents from Caxias do Sul/RS, Brazil." Data were collected from adolescents 11 to 17 years of age from May to July 2007. The city of Caxias do Sul, located in the area northeast of Rio Grande do Sul, is the second largest city in the State, with 419,852 inhabitants. 22 The protocol was approved by the Santa Catarina Federal University Ethics Committee for Research with Human Beings (078/2007).
The population included middle and high school students of both sexes. Within the city of Caxias do Sul, there are 9 urban sectors, which included 41,534 students (35,070 in public and 6464 in private schools) enrolled in 117 middle and high schools (98 public and 19 private) in 2006, according to the State Education Office. The sample was stratified by sectors that were clustered into 4 groups (sector 1, sectors 2 and 5, sectors 3 and 8, and sectors 4 and 6) according to the size of the population, and sectors were excluded if they contained less than 1 percent of the population (sectors 7 and 9).
The sampling was performed in 2 stages. In the first stage, the number of students was selected according to the type of school (public or private). Owing to the greater number of students attending public schools (84.0%), 10 public and 2 private schools were assigned to the study. Subsequently, in each school, the classrooms were randomly selected to reach the number of subjects that represented the sector, the type of school, and the grade (equivalent to seventh grade through twelfth grade), and totaled 75 classrooms.
The sample size was estimated using the 95% confidence interval (95% CI), population size (n = 41,534), estimated prevalence of 60%, tolerance of standard error (e = 3%), and error a = 5%. 23 As the sample was composed of conglomerates (entire classes), the design effect (deff) was set at 1.5. The minimum sample size was estimated to be 1500 schoolchildren, and 20% of this number was added to compensate for any sample loss; therefore, we proposed to measure 1800 students. Thus, a total of 1835 apparently healthy subjects age 11 to 17 years were selected. However, 69 of them refused to participate or failed to return the questionnaire, and adolescents under 11 years (n = 62) or 18 years or older (n = 29) were not included in the sample, resulting in a total of 1675 adolescents. Written informed consent was signed by their parents or legal guardians.
The data were collected at the schools on separate occasions over 3 days. On the first day, the students were informed about the objectives of the research, and received the consent form. The following day, after receiving permission, the questionnaire was distributed and explained in the classroom (30-40 min) . On the third day, the anthropometric measures were collected and the cardiovascular fitness test was carried out (60 min). The collection team consisted of teachers, physical education teachers, and previously trained nurses, and all were under the researcher's supervision.
Measurement of Active Commuting, Physical Activity, and Sedentary Behavior
The students answered 4 questions about active commuting: (1) What is the mode of transport that you usually use to go to school? (walk, bike, bus, motorcycle, car, other); (2) How many days a week do you usually go to the school by foot or bike? (number of days); (3) How much time do you spend getting to school? (hours and minutes); and (4) What is the principle difficulty that prevents you from commuting to school by foot or bike? (no barriers, traffic, crime/danger, long distance, weather). 24 The schoolchildren were considered "active" if they commuted to school by foot and/or bike, and were considered "passive" when they commuted to school by bus, motorcycle, car, or other transport.
To measure the PA level, an applied adaptation 25 of the self-record instrument proposed by Bouchard et al 26 was used. Based on previous explanations, adolescents filled out the PA diary, recording activities carried out on 3 days of the past week: 1 day on a weekend (Sunday), and 2 days during the week (one being more active and one less active). Each day was divided into 36 periods of 30 min each (6:00 AM to midnight). The intensity of the activity performed was recorded in each 30 min block using a scale from 1 to 9. Each number refers to a specific level of energy expenditure (MET), and the MET values used were calculated as the daily amount of time spent in each period multiplied by the corresponding MET value. 26 The values for energy spent (kcal/kg/day) were divided into 3 equal percentiles and clustered into 2 groups: lower daily energy expenditure (EE) = up to the 33rd percentile (P ≤ 33) and medium and high daily EE = percentile greater than 33 (P > 33).
To collect information about sedentary behaviors, the students were asked to answer 2 questions: 1. How many hours a day do you watch TV or movies? 2. How many hours a day do you use the computer? The variables were categorized separately, and were observed to show an increased risk of sedentary behaviors for students who watch TV or use the computer more than 14 hours per week. 27 The reliability of the questionnaire was high for all the questions (intraclass correlation coefficient [ICC] = 0.88, CI95% = 0.83, 0.92).
Cardiovascular Fitness Measurement
Cardiovascular Fitness (CF) was measured using the PACER test (Progressive Aerobic Cardiovascular Endurance Run), 28 which has strong values of validity and reproducibility. 29, 30 The PACER test is a fitness test carried out with sound equipment and is determined by a 20-m multistage shuttle run with progressive velocity increases, in which each stage lasts for approximately 1 min. If a participant can no longer complete a lap within the required time owing to exhaustion or was unable to maintain the required velocity for 3 laps, then the test was stopped and the number of completed laps was recorded. The number of completed laps was used to categorize the subjects into low or adequate/elevated fitness levels, according to the FITNESSGRAM tables for sex and age. 28 
Anthropometric Measurements
Body weight was measured twice with a Plenna digital scale, allowing for a 0.1 kg variation between measurements. The height (recorded in m) was measured 3 times using a tape fixed on a leveled wall (precision of 0.1 cm), and the average value of the measurements was calculated. Subsequently, the adolescents' body mass index (BMI) was categorized into either normal weight or elevated weight (overweight/obesity). 31 The triceps and subscapular skin fold 32 were measured using Cescorf calipers on the right side of the body. Three measurements were taken with a minimum interval of 2 min, and the mean values of the measurements were used in the analyses. The equation suggested by Lohman et al 33 was used for classification of percent body fat (BF). Waist circumference (WC) values 34 were analyzed from the average of 2 measurements using a tape, midway between the lowest rib and the superior border of the iliac crest, and the students were categorized into normal and elevated, according to sex, age, and skin color (black = dark-skinned black people and lighter-skinned black people; and white = white people and yellow people). 35 
Statistic Analyses
Statistical analysis was performed with STATA 9.0. The χ 2 test was used to compare the active and passive commuters as well as time spent commuting considering the time expended by linear-by-linear association with significance levels < 0.05. Two models of regression were used to determine the associations with active commuting. The first model had frequent active commuters (5 days/week) and the second one had all active commuters (walk/bike for less 1 day/ week). Subsequently, the data were analyzed through Poisson regression to verify the prevalence ratios (PR) and respective confidence intervals (95% CI), and Wald tests for statistical significance (P-values) using an unadjusted and an adjusted model.
In both models, the variables were allocated in levels to adjusted analyses, adopting a theoretical model for hierarchical entrance of the variables. In the first level (distal position) socioeconomic and demographic variables were placed: gender (boys, girls), ages (11-12 years, 13-14 years, 15-17 years), and type of school attended (public, private), time spent (≤10 min, 10.1-20 min, >20 min), and barriers (no barriers, traffic, crime/ danger, long distance, weather). Then, in the second level (intermediate position) were placed BMI (adequate, elevated), body fat percent (adequate, elevated), and waist circumference (adequate, elevated). The last level (proximal position) contained physical activity (moderate to high EE, lower EE), cardiovascular fitness (adequate/ elevated, lower), TV time (≤14 h/wk, >14 h/wk), and computer time (≤14 h/wk, >14 h/wk). The variables were adjusted to the same level (entering all), and only those with P-value < 0.20 were used for a superior level. In the final model, variables with P-value < 0.05 were maintained.
In this study, we were able to detect statistically significant prevalence ratios (PR) equal to or greater than 1.18, if the prevalence of passive commuting in the group without exposure was 50%, for a Confidence Interval of 95% and power of 80%. Only the variable type of school did not present sufficient numbers to measure association, but we opted to use it as a control. The answer rate to frequency of commuting was 91.2%, and to mode of commuting was 96.8%.
Results
Among the 1675 adolescents who participated in this study, those who failed to complete the commuter questions (missing responses for mode of transport or frequency, n = 53) were excluded, resulting in a total of 1622 students (mean age =14.37 years; 1.92, range = 11 to 17 years). Furthermore, there was a larger proportion of girls (53.2%), adolescents between 15 and 17 years of age (41.8%), and students from public schools (86.4%).
The results indicated that 62.7% of the adolescents commute by foot or bicycle to school, with a greater frequency among boys, in the youngest adolescents, in public school students, and in schoolchildren who lived closer to their school, when compared with others (P < .05). Among the adolescents who did not reveal barriers to active transportation, 80.0% traveled actively to school; however, there was low prevalence of active commuting among the youths who reported a lack of safety (38.5%) and long distance (11.7%). Also we observed that the students who actively commuted performed more PA and demonstrated better cardiovascular fitness and greater time of computer use than those who used passive transport (P < .05) ( Table 1) .
In the adjusted analysis, the PR to lower frequency of active commuting was greater among the students of private schools (PR = 2.42; 1.57, 3.75), in those who spent > 20 min to commute (PR = 2.08; 1.40, 3.08), and in those that spent more time watching TV (PR = 1.22; 1.02, 1.45). The associated barriers to frequency of active commuting were long distance (PR = 2.42; 1.66, 3.52), crime/danger (PR = 2.13; 1.58, 2.86), and traffic (PR = 1.60; 1.15, 2.23) ( Table 2 ). Furthermore, with regard to the mode of transport (active or passive), a similar behavior was observed among the variables with small alterations in the values; a greater PR to passive commuting was found among students of private school (PR = 2.41; 1.47, 3.95) and those who lived far from the school (PR = 1.93; 1.23, 3.03). The associated barriers to modes of active commuting were long distance (PR = 3.02; 1.95, 4.71), crime/danger (PR = 2.65; 1.82, 3.85), and traffic (PR = 1.75; 1.19, 2.58) ( Table 3) .
Discussion
The prevalence of active commuting to school was less than that observed in other Brazilian cities. 17, 18 This reduction may be due to the fact that the current study included older adolescents of 13 to 17 years of age. An earlier study observed that students in the sixth and ninth grades were more active than those in the tenth and twelfth grades. 36 When compared with countries like the United States 1,12 and Australia, [13] [14] [15] the number of children walking or cycling to school in Brazil is still higher and is comparable to that in Switzerland. 16 However, these values are lower than those observed in China and Russia. 2, 8 Abbreviations: PR, prevalence ratio; 95% CI, 95% confidence intervals; Note. Poisson regression models. P-value adjusted for the cluster sampling design. The underlined variables presented P-value > 0.20 after the adjustment and were not included in the model; a (reference = 5 days/week); * P < 0.05. Abbreviations: PR, prevalence ratio; 95% CI, 95% confidence intervals; Note. Poisson regression models. P-value adjusted for the cluster sampling design; The underlined variables presented P-value > 0.20 after the adjustment and were not included in the model; a (reference = walk/bike vs. motorized vehicle); * P < 0.05
The frequency of active trips was greater among boys, younger adolescents, those who went to public schools, and those who lived close to the school. Earlier research demonstrated that boys commute more actively to school than girls, 13, 14, 20, 36, 37 and this may reflect the social tendencies of parents to protect girls more, place greater restrictions on the girls' independent mobility, 5 and consign more involvement of boys with regard to the general PA levels. 38 Some studies indicated that children of 11 to 12 years 13 or 13 to 14 years 16 of age were more likely to actively commute to school than younger children, whereas other studies showed an increased proportion of students in middle school actively commuting than those in high school. 36 In Brazil, children who go to public schools usually belong to families of lower income, and this could be an indirect measure of socioeconomic status (SES). A study carried out in a Brazilian city reported that almost 92% of the students of public schools use active transport to go to school. 18 Some studies suggested that children of lower SES are more likely to actively commute to school than those from high SES, 8, 14, 39 and in New South Wales, students of public schools walked to school more than those of private school. 13 It was also observed that active commuting was more frequent when the students lived near the school. In Adelaide, researchers observed that 90% of trips were active when the target destination was 0.25 km away. 14 An American study reported that 34% of girls who lived a mile away from school made the trip by foot, 12 and in Ireland, a 1-mile increase in distance was observed to decrease the odds of active commuting by 71%. 20 In the current study, the barriers to active transport patterns were long distance, crime/danger, and traffic. The distance from the school has been noted as one of the principle reasons for a low prevalence of active commuting in several countries, [12] [13] [14] 16, 19 followed by trafficrelated danger. 9, 11 In English cities, active transport of students declined from 53% to 43% between the years of 1975 and 2001, and there was a significant increase in the distance between the place of residence and the school. 40 In Ireland, the perceived common reasons for inactive commuting were distance and time, 20 and in Nebraska, parents reported distance and convenience as the perceived barriers to active commuting. 19 Researchers revealed that children who walk or bike to school have higher daily PA, 4, 12, 14, 19, 39 and other studies found no association. 13, 37 There was also no association with adiposity observed, and similar results were seen in other studies. 3, 12, 37 Limitations of this study include a cross-sectional design that does not permit inferences about the causality of the findings. Although PA questionnaires have been found to have adequate reliability 41 and applicability in epidemiologic research, the adolescents may overestimate or underestimate activities. 42 Only the students who were in the classroom on the day of the collection of data were included in the sample. Furthermore, it was not possible to collect data from students who dropped out during the school year, missed class, or lived in rural areas. However, the rural sectors represent < 1% of the population. Despite these limitations, this study has several important implications for future research and policy interventions.
This study demonstrated that environmental variables were strongly associated with active commuting; however, no significant alterations were observed in biological and other behavioral variables after adjustment. Hence, future studies may investigate the conditions in different environmental settings or develop strategies to reduce environmental barriers, such as development of an area for pedestrians, construction of bike lanes and appropriate places to park bicycles, as well as carrying out educative campaigns to increase PA during commuting.
